Since the discovery of carbon clusters in the laser ablated graphite vapours, fullerenes C60 and C70 have provided a constant source of excitement for the experimental and theoretical scientists alike. Their brilliant colours in solutions and three dimensional aromaticity has fascinated the photochemists. Our group has recently characterised singlet and triplet states of fullerenes using complementary twin techniques of laser fAash phQtolysis and electron pulse radiolysis. Singletsinglet (S l--->S ) absorption spectra were studied in picosecond time domain and the rates of intersystem crossing were established.
ABSTRACT:
Since the discovery of carbon clusters in the laser ablated graphite vapours, fullerenes C60 and C70 have provided a constant source of excitement for the experimental and theoretical scientists alike. Their brilliant colours in solutions and three dimensional aromaticity has fascinated the photochemists. Our group has recently characterised singlet and triplet states of fullerenes using complementary twin techniques of laser fAash phQtolysis and electron pulse radiolysis. Singletsinglet (S l--->S ) absorption spectra were studied in picosecond time domain and the rates of intersystem crossing were established.
Triplet states were produced directly by photoexcitation in laser flash photolysis experimenp and *by energy transfer in pulse radiolysis. Triplet-triplet (T l---->T ) n spectra were characterised and rate constants for various triplet decay channels were measured.
Fullerenes have low reduction potentials and form charge transfer (CT) complexes with good donors like aliphatic and aromatic amines. Exciting photochemical behaviour was observed on photoexcitation of the CT complexes which undergo ultrafast charge separation (CS) and charge recombination (CR) reactions. The dynamics of CS and CR reactions was studied in picosecond time scales in Cs0-diphenylarnine and C60-triphenylamine systems. Using external heavy atom effect and solvent polarity variations, various steps in the CS and CR processes generating fullerene triplet on CR were elucidated.
INTRODUCTION
The discovery of carbon clusters Cs0 and C70, in the laser ablated graphite vapours (1,2) has provided an unending source of excitement for the theoretical and experimental scientists alike ( 3 -4 ) . Work on the scparation and characterization of higher fullerenes like etc is being persued vigorously (5). The brilliant colours
of fullerenes in solutions and their three dimensional aromaticity has Zascinateci the photochemists. Both C60 and C70 show interesting phoLochemical behaviour in the solution phase. In our laboratory we have characterised the singlet and triplet states of these exciting mobcules using the complementary techniques of loser flash photolysis,electron pulse radiolysis and time resolved fluorescence (6-14).
Both C60 and C70 have high electron affinity (2.4-2.6 eV) and low reduction potentials (-0.4 and -0.41 respectively) and form charge transfer complexes with suitable donor molecules like organic amines (15-17). Photoexcitation of these charge transfer complexes leads to an exciting sequence of charge separation and charge recombination processes (9,15). A new type of emissiom observed in the pulse radiolysis of C60 solutions of benzene containing CC14 is described.
Fullerenes can be complexed in the hydrophilic cages of 7-cyclodextrin and made water soluble (16, 17) . The photo and radiation chemical behaviour of this inclusion complex is studied in aqueous solutions (11,12,18,19) . Radiolytically generated hydrated electron (caq) in the aqueous phase can react with C60 complexed in cyclodextrin cage to give anion of C60 (12) . The work carried out in our laboratories in the above mentioned areas is reviwed in the present article.
MATERIALS AND METHODS
Synthesis, separation and purification methods for Cs0 and C70 have been described elsewhere (20). In some experiments fullerenes from SES Corp.USA were used after checking purity by spectroscopic methods. All solvents used were of spectroscopic grade. 7-Cyclodextrin (Sigma) was used as received. Nanosecond flash photolysis experiments were carried out on Laser Kinetic Spectrometer Model-K-347 (Applied Photophysics UK). Excitation sources were KrF and XeF excimer laser (Oxford Lasers,248nm,lOOmJ and 351nm, 50mJ respectively) and a nitrogen laser (Photon Technology Inc PL-2300, 337nm,1.5mJ,0.6ns). Picosecond flash photolysis experiments were carried out using higher harmonics (532,355 and 266nm) of Nd-YAG laser (Continuum USA model 501-C-10). Pump-probe spectrometer using continuum generated from the residual fundamental line and fibre optical dalay has been already described (6,7). Pulse radiolysis studies were carried out using 7 MeV, 50ns and 2pS pulses from an electron accelerator . The kinetic spectrometric arrangement for measuring transient optical absorptions has been described (10) . Fluorescence measurements were carried using a time correlated single photon counting system (13,14).
RESULTS AND DISCUSSION EXCITED STATE CHARACTERISTICS OF CG0 and C70: SINGLET STATES:
The 
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.. Am ------- Hence, for DPA and TEA reaction 9 dominates over reaction 8 and hence triplet yields are small. In the case of TPA the proton transfer route does not exist, ISC dominates and triplet yields are high. To prove these points external heavy atom effect was studied on the CsO-DPA system. In neat bromobenzene,and 20% iodobenzene in benzene it was found that the ISC rates increase and C60 triplet yields improve. Similarly, using deuterated. DPA it was seen that C60 triplet yields improve since the H+ transfer from DPA-d is slower than DPA-h. In the case of TEA -C60 pair it was found that the proton transfer was very fast (9).
Since TPA has no transferable proton, ISC dominates. To prove this point solvent polarity effects were carried out so as to increase the escape probability and reduce the fraction of the ions from recombining. Hence, Cs0 Interestingly,C60 and C70 also form weak CT complex with benzene with K-0.2 dm3 mol-l. In MCH or HX solutions of C701 the addition of DMAN or DEAN quenched the fluorescence at 700nm and an additional peak appeared at 730nm and was attributed to the exciplex between C70 and the amine studied. The fluorescence lifetime of C70 was measured to be 650 ps which decreases on the addition of the amines (13 , 14) . (29) in the pulse radiolysis studies X10 dm3 mol-I). These studies were carried out to confirm the transient absorption of Cs0 cation at 640nm as seen by Hou et a1 (30) formed by electron transfer from C s 0 triplet to CC14 with exciplex as probable intermediate. An absorption peak at 740nm was seen 200ns after the 50ns electron pulse (analysing light booster on,no filter before the sample cell), which reduces and becomes negative (emission) >30@ (Fig 1) . Simultaneously another absorption peak appears at 380nm in the same time scale. A peak at 640nm was seen but its origin could not be confirmed.
NEW EMISSION OBSERVED IN PULSE RADIOLYSIS EXPERIMENTS: An interesting observation was made
With the booster on, when the optical cut off filters before the sample cell was changed from 450 nm to 515nm ( Fig  2AI2B) the emission signal decreased. With 650nm filter only transient absorption signal is seen (Fig 2C) . Similar observation was made when the booster was off Fig 2D) . This clearly indicates that the analysing light is strong enough to excite the transient produced to a highly emissive state. Two probable transients are 1) exciplex between C60 and CC14 and 2) radical adduct between C60 and CC13, the latter being formed by the electron scavanging (Reaction 12) > CCl3 + c1- 12 1 e ;
The adduct probably has a good absorption in 450-550nm range excitation of which produces the highly emissive species. The molar extinction coefficient for the triplet state at 745nm is reduced from 15,000 (in toluene) to 4350 dm3 mol-I c m ' l and the triplet yield is reduced to 0.53 on complexation. CD-CBO-CD complex was found to form other weak complexes with organic amines like TEA,DABCO etc.
The CD-C60 complex was dissolved in aqueous solutions ( lX10-4mol dm-31pH 8) I flushed with N2 and irradiated with 5011s electron pulses. The hydrated electron generated enters the CD cage, reacts with C60 and the anion of C60 is produced with transient optical absorption at 960 and 1080nm (Reaction 13)
The rate constant for the e decay at 720nm was estimated to be 1.8X1010 dm3 mol-I s- ' The study on aqueous solutions of Cs0 might prove useful from the point of view of photodynamic therapy and inhibiting the activity of some HIV enzymes. The photochemical investigations on fullerenes and their CT complexes are useful to their use as nonlinear optical materials. 
